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ENGINE SPEED STABILIZATION USING FUEL RATE CONTROL 
Field of the Invention 

[0001] This invention relates generally to internal combustion engines. 
More specifically it relates to a novel strategy for improving engine idle 
speed stability, particularly in compression ignition engines. 

Background of the Invention 

[0002] Poor idle speed stability arising from changes in engine load, even 
small ones, has been recognized as a seemingly inherent operating 
characteristic of a basic diesel engine. Speed instability manifests itself by 
engine speed oscillating and/or wandering in consequence of a load change, 
rather than quickly stabilizing at a constant speed. 

[0003] Various devices, special flyball governors for example, have been 
added to diesel engines in attempts to secure better speed stability. While 
some improvements have been made over the many years that diesel engines 
have been in existence, the inventors believe it is fair to state that none has 
been able to achieve complete success in overcoming this seemingly 
inherent and undesirable characteristic of such engines. 
[0004] Control of engine idle speed in a governed diesel engine has been 
historically based on controlling the quantity of fuel introduced into each 
cylinder during the stroke of a piston that reciprocates within a cylinder, i.e. 
a fuel quantity-per-stroke basis. By their observation that a diesel engine is 
capable of operating at any of multiple different speeds using approximately 
the same fuel quantity per stroke, the inventors believe that a governing 
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strategy that controls idle speed using strictly fuel quantity-per-stroke 
cannot provide an effective solution for idle speed control. 
[0005] That a known idle speed governor embodying a known governing 
algorithm acting to control engine fueling via known devices and hardware 
is prone to instability when operating on a fuel quantity-per-stroke basis, is 
illustrated by the following situations. 

[0006] If the idle speed governor is locked to a particular quantity of fuel 
per stroke in order to run the engine at a desired idle speed, any change that 
decreases engine speed, such as a change in engine load due to an engine- 
driven accessory being activated, will necessarily decrease the fueling rate 
to the engine. In other words, because the engine slows, there will be fewer 
strokes per unit of time while the quantity of fuel per stroke remains 
unchanged. That is exactly the opposite of what the engine actually needs in 
order to maintain desired idle speed, and consequently idle speed becomes 
unstable, at least temporarily. 

[0007] If the idle speed governor is locked to that same particular quantity 
of fuel per stroke in order to run the engine at the same desired idle speed, 
any change that increases engine speed, such as a change in engine load due 
to the engine-driven accessory being de-activated, will necessarily increase 
the fueling rate to the engine. In other words, because the engine speeds up, 
there will be more strokes per unit of time while the quantity of fuel per 
stroke remains unchanged. That is exactly the opposite of what the engine 
actually needs in order to maintain desired idle speed, and consequently idle 
speed becomes unstable, at least temporarily. 

[0008] While the advent of electronic control systems has yielded 
significant advances in diesel engine control technology and resulting 
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engine performance, governing strategies have continued to rely on 
quantity-per-stroke as the basis for idle speed control. The evolution of 
electronic diesel engine control systems has resulted in the use of separate 
electronic modules for engine control and for fuel control, and their 
presence has created further complications for idle speed governing. An 
engine control module is sometimes referred to as an ECM, and a fuel 
control module as an ICM (injector control module), and although they are 
able to communicate with each other, each has its own separate processing 
system. 

[0009] The use of separate ECM and ICM modules has placed added 
demand on the idle speed governor, tending to make stabilization of idle 
speed more difficult- This is essentially due to communications and 
scheduling delays between the different modules creating phase shift 
between the instant of time at which engine speed is measured and the 
instant of time at which a resulting fueling change can occur in consequence 
of a change in engine speed. 

[0010] In any feedback control system, an electronic engine governor 
being one example, phase shift is commonly a limiting factor in tuning the 
gain of the control loop. Increasing phase shift tends to make the control 
less stable and ultimately unstable if the phase shift becomes too large. 
[0011] The combination of the idle speed instability that is seemingly 
inherent in a diesel engine and the added phase shift resulting from the use 
of separate electronic modules is believed counterproductive to the 
objective of optimizing idle speed control in an engine governor. If the 
control loop gain is de-tuned to achieve stability, the engine responds poorly 
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when engine load changes. If the gain is increased for better response, the 
system tends toward instability. 

[0012] The inventors believe that a fundamental change in the strategy for 
control of the engine idle speed in a governed diesel engine is essential for 
attainment of the best possible way to optimize engine idle speed control. 

Summary of the Invention 

[0013] The present invention relates to an improvement in diesel engine 
control system strategy for avoiding instability in idle speed. 
[0014] One generic aspect of the present invention relates to a method for 
governing a compression ignition engine. The method comprises a) 
processing data values for actual engine speed and desired engine speed to 
yield a data value for engine speed error; b) processing the data value for 
engine speed error according to a governor algorithm for yielding a data 
value for a mass fuel rate for governed fueling of the engine; c) processing 
the data value for mass fuel rate for governed fueling of the engine and the 
data value for actual engine speed to yield a data value for a quantity of fuel 
to be injected into an engine cylinder during an ensuing stroke of a piston 
within the cylinder; and d) injecting that quantity of fuel into the cylinder 
during that stroke. 

[0015] Another generic aspect relates to a compression ignition internal 
combustion engine comprising multiple cylinders into which a fueling 
system injects fuel during engine cycles, an engine control system that 
comprises a governor for governing the engine, and a data processing 
system for processing various data useful in governing the engine including 
data values for actual engine speed and desired engine speed. 
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[0016] The data processing system repeatedly i) processes the data values 
for actual engine speed and desired engine speed to yield data values for 
engine speed error, ii) processes the data values for engine speed error 
according to an algorithm for yielding data values for mass fuel rate for 
fueling the engine, iii) processes the data values for mass fuel rate for 
fueling the engine and the data values for actual engine speed to yield data 
values for quantities of fuel to be injected into the engine cylinders during 
ensuing strokes of pistons within the respective cylinders; and iv) causes the 
fueling system to inject those quantities of fuel into the respective cylinders 
during respective ensuing strokes. 

[0017] Still another generic aspect relates to the control system just 
described. 

[0018] Still another generic aspect relates to a method for governing idle 
speed of a compression ignition engine. The method comprises a) 
processing data values for actual engine speed and desired idle speed to 
yield a data value for speed error; b) processing the data value for speed 
error according to an algorithm for yielding a data value for a mass fuel rate 
for fueling the engine; c) processing the data value for mass fuel rate for 
fueling the engine and the data value for actual engine speed to yield a data 
value for a quantity of fuel to be injected into an engine cylinder during an 
ensuing stroke of a piston within the cylinder; and d) injecting that quantity 
of fuel into the cylinder during that stroke. Another generic aspect relates to 
a compression ignition internal combustion engine comprising multiple 
cylinders into which a fueling system injects fuel during engine cycles and 
an engine control system that comprises i) a low-idle governor for 
governing engine fueling to run the engine at low idle speed by issuing a 
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fueling command measured in fueling rate units of measurement, ii) a 
conversion function for converting the fueling command from fueling rate 
units of measurement to quantity-per-stroke units of measurement, and iii) 
an accelerator for accelerating the engine from low idle speed by issuing a 
fueling command measured in quantity-per-stroke units of measurement. 
When the engine is running at low idle speed, fuel is injected into the 
cylinders in quantities-per-stroke set by the conversion function, and when 
the engine is accelerated from low idle speed the fueling command from the 
accelerator is used to set the quantities-per-stroke injected into the 
cylinders. 

[0019] Another generic aspect relates to the control system as just 
described. 

[0020] Still another generic aspect relates to the method embodied in the 
control system for governing the engine at low idle speed and then 
accelerating the engine. 

[0021] The foregoing, along with further features and advantages of the 
invention, will be seen in the following disclosure of a presently preferred 
embodiment of the invention depicting the best mode contemplated at this 
time for carrying out the invention. This specification includes drawings, 
now briefly described as follows. 

Brief Description of the Drawings 

[0022] Figure 1 is a general diagram of a prior governing strategy for 
diesel engine idle speed control. 

[0023] Figure 2 is diagram of governing strategy in accordance with 
principles of the present invention. 
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[0024] Figure 3 is a more detailed diagram of a portion of the strategy of 
Figure 2. 

[0025] Figure 3 A is a detailed example for Figure 3. 

[0026] Figure 4 is a graph plot useful in understanding how the inventive 

strategy is distinguished from the prior one. 

[0027] Figure 5 is a graph plot showing engine fueling and engine speed 
during starting and initial running of an engine operating according to the 
governing strategy of the present invention. 

[0028] Figure 6 is a diagram showing a form of the inventive governing 
strategy containing certain enhancements. 

Description of the Preferred Embodiment 

[0029] Figure 1 shows a known governing strategy 10 for a diesel engine. 
The strategy can be implemented in a processor-based engine control system 
using an appropriate algorithm to govern engine idle speed. 
[0030] Strategy 10 comprises processing data values for actual engine 
speed and desired engine idle speed to yield a data value for engine speed 
error that forms a data input to a governor 12. Governor 12 is implemented, 
in an ECM for example, as an appropriate governor algorithm programmed 
into the processing system of the ECM. Governor 12 processes the data 
value for engine speed error according to the algorithm to yield a data value 
for engine fueling in terms of quantity-per-stroke, such as fuel mass per 
stroke in any appropriate unit of measurement, such as milligrams per 
stroke. 

[0031] That data value is communicated to fuel injector driver logic 14 
that is present, in an ICM for example, to control fuel injectors of the engine 
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fueling system. Driver logic 14 converts the quantity-per-stroke data value 
via an appropriate algorithm programmed into its processing system into 
electric signals that when applied to the fuel injectors cause the quantity of 
fuel corresponding to the data value from governor 12 to be injected into 
each cylinder at the proper time in the engine cycle. 

[0032] Figure 2 presents a governing strategy 20 in accordance with 
principles of the present invention. The strategy is implemented in an ECM 
where a governor 22 is implemented as a governor algorithm programmed 
into the processing system. Like governor 12, governor 22 processes the 
data value for engine speed error, but unlike governor 12, governor 22 
yields a data value for engine fueling in terms of fuel rate, such as a mass 
fuel rate, in any appropriate unit of measurement, such as pounds per hour 
or grams per second. 

[0033] That data value for engine fueling measured in terms of fuel rate 
forms one input to a fuel rate conversion logic 24. Another input to 
conversion logic 24 is the data value for actual engine speed. Conversion 
logic 24 processes the data value for mass fuel rate for governed fueling of 
the engine and the data value for actual engine speed to yield a data value 
for a quantity of fuel to be injected into an engine cylinder during an 
ensuing stroke of a piston within the cylinder. In contemporary processing 
systems, various strategies typically execute at various rates, some more 
frequently than others. It is to be understood that the use of the term "actual 
engine speed" means a very recent update of instantaneous engine speed by 
a strategy that measures engine speed. 

[0034] Figure 3 shows the specific processing performed by conversion 
logic 24. A division function 26 divides the data value for mass fuel rate for 
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governed fueling of the engine by the data value for actual engine speed. 
The quotient is a data value that is subsequently processed by a 
multiplication function 28 that operates to multiply the quotient by a 
conversion constant. The product is the data value for the quantity of fuel 
that is to be injected during the ensuing stroke. 

[0035] Strategy 20 then communicates that data value to fuel injector 
driver logic 30, which may be contained in an ICM separate from the ECM. 
Driver logic 30 comprises an appropriate algorithm programmed into its 
processing system that ultimately operates each fuel injector via a respective 
electric signal so as to cause the quantity of fuel corresponding to the data 
value from conversion logic 24 to be injected into the respective cylinder 
during an ensuing stroke. 

[0036] Figure 3 A shows a detailed example of the conversion processing 
of Figure 3. The data value for the parameter MFF_GOV represents the 
governed mass fuel flow rate provided by the governor as measured in 
pounds of fuel per hour. An algorithm function 36 divides that data value by 
the product of the data values for parameters FQG_NUM_CYL, 
representing the number of engine cylinders, and FQG_N_LIM, 
representing engine speed, limited to avoid a possible divide-by-zero 
situation. The data value for FQG_N_LIM is set by a function 38 that 
selects the larger of actual engine speed N, as measured in revolutions per 
minute, and the number 100. The result is then multiplied by the conversion 
constant 15117 so that the data value for MFGOV_MFF representing fuel 
mass per stroke is given in units of milligrams per stroke. 
[0037] If the governor is locked to a particular fuel rate, an increase in 
engine load that slows the engine will result in an increase in quantity of 
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fuel per stroke, which is what the engine needs to handle the increased load. 
Likewise, a decrease in engine load that speeds up the engine will result in a 
decrease in quantity of fuel per stroke. In both cases the engine will settle to 
an equilibrium speed without instability. 

[0038] The strategy of using fuel rate, rather than fuel quantity-per-stroke, 
as the basis for idle speed control of a diesel engine makes idle speed 
control inherently stable. This enables the engine to react to load 
applications or load dumps without overcompensating or excessive delay. 
The engine can handle load changes with reduced engine speed flair or 
bogging. The strategy also allows feed-forward compensation to be more 
effectively applied to idle speed control without risking engine runaway or 
stalling. Because the idle speed control does not have to provide an 
artificial stability at idle, the engine is less prone to bucking at off-idle 
operation. The inherent stability allows for smoother transitions 
immediately after engine starting. It enables the engine to be better 
characterized during the engine development process so that a new engine 
can be calibrated more reliably and more quickly. Larger phase shifts 
between separate control modules become tolerable. 

[0039] Figure 4 demonstrates that the inventive strategy provides inherent 
stability. That Figure 4 is a graph plot comparing the inventive strategy of 
Figure 2 and 3 with the prior strategy of Figure 1 . Each of the two traces 
32, 34 has been normalized from test data obtained during engine testing to 
the point of 100 percent fueling at 1000 rpm engine speed. Trace 32 shows 
fueling as a function of engine speed using the prior strategy. Trace 34 
shows fueling as a function of engine speed using the inventive strategy. 



10 



D5490 



[0040] Trace 34 has a reasonably constant positive slope so that each 
fueling value correlates uniquely with a respective speed value. That is not 
the case for trace 32. 

[0041] Trace 32 has an irregular slope that is much steeper and actually 
negative in one region. The steeper slope means that small fueling changes 
can create large speed changes, and the presence of a negative slope region 
shows that each fueling value is not uniquely correlated with a respective 
engine speed. 

[0042] Figure 5 shows three traces 40, 42, 44 taken over a 10-second time 
interval at engine starting. Trace 40 represents engine fueling in terms of 
quantity-per-stroke; trace 42, engine fueling in terms of mass flow rate; and 
trace 44, engine speed. 

[0043] Over that 10-second interval, the fuel flow governor provides a 
smooth engine start leading to stable idle speed as the fuel rate command 
from the governor (trace 42) is held constant. Engine speed (trace 44) rises 
asymptotically to a steady-state speed, slightly over 600 rpm in this 
instance. Fueling as measured in terms of quantity-per-stroke (trace 40) 
falls asymptotically as engine speed increases. The figure shows that engine 
speed will remain relatively steady when idling with a constant fuel flow 
command. Disturbances in engine speed, such as those due to load 
applications and load dumps, are inherently corrected to provide idle speed 
stability. 

[0044] Figure 6 presents an enhanced governing strategy 50 for low idle 
and engine acceleration from idle. Like strategy 20, strategy 50 is 
implemented in an ECM where a low-idle governor 52 is implemented as a 
low-idle governor algorithm programmed into the processing system. 
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Governor 52 processes the data value for engine speed error, to yield a data 
value for engine low-idle fueling in terms of fuel rate, such as a mass fuel 
rate, in any appropriate unit of measurement, such as pounds per hour or 
grams per second. 

[0045] That data value for engine fueling measured in terms of fuel rate 
forms one input to a fuel rate conversion logic 54. Another input to 
conversion logic 54 is the data value for actual engine speed. Conversion 
logic 54 processes the data values for those inputs in the manner described 
earlier for conversion logic 24 to yield a data value for a quantity of fuel to 
be injected into an engine cylinder during an ensuing stroke of a piston 
within the cylinder. The term "actual engine speed" continues to mean a 
very recent update of instantaneous engine speed by a strategy that measures 
engine speed. 

[0046] The data value provided by conversion logic 54 is subject to 
further processing ahead of fuel injector driver logic 30. That processing 
comprises a summing function 56 that additively sums the data value 
provided by conversion logic 54 and a data value provided by a pedal 
position conversion logic 58. 

[0047] Pedal position conversion logic 58 uses accelerator pedal position 
as an input, processing a data value derived from an accelerator position 
sensor (APS) that is operated by an accelerator pedal in a motor vehicle 
powered by an engine employing strategy 50 when a driver of the vehicle 
depresses the pedal. The data value provided by logic 58 is a fuel command 
measured as quantity-per-stroke in any appropriate units of measurement. 
[0048] When the engine is running without the accelerator pedal being 
depressed, the data value supplied by logic 58 provides no additional 
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contribution for summing function 56 to sum with the data value provided 
by logic 54. Consequently, it is the data value provided by logic 54 alone 
that is subsequently processed by a minimum selection function 60, a 
function that will be more fully explained later. 

[0049] With the engine running in a steady state at low idle speed, 
depression of the accelerator pedal to accelerate the engine from low idle 
changes the APS data input to logic 58, causing logic 58 to yield a non-zero 
data value for summation by summing function 56 with the data value 
provided by logic 54. Both addends represent respective mass fuel rates in 
the same units of measurement. 

[0050] By broadcasting the respective fuel commands from low-idle 
governor 52 and from logic 58 in different units of measurement, i.e. mass 
fuel rate and quantity-per-stroke respectively, rounding errors in the 
processing of data by governor 52 can be reduced and/or the processing 
time shortened. For low-idle running, the fuel command from governor 52 is 
characterized by both the quick response to disturbances and the fine 
resolution that are necessary for keeping low idle speed stable within a 
narrow speed range. For accelerating the engine from low idle, the pedal- 
initiated fueling command can span a much more extensive range of data 
values to handle the full range of engine operation where the need for quick 
response like that at low idle is typically absent. 

[0051] If the pedal-initiated fuel command were to be broadcast as a fuel 
rate command, the range of values and the corresponding length of the fuel 
rate command data could easily become excessive. In such a case, the pedal- 
initiated fuel rate command would be multiplied by engine speed before it is 
broadcast, only to be divided by engine speed after it has been received. 
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Multiplying such a pedal-initiated fuel rate command by engine speed and a 
constant to convert a quantity-per-stroke measurement into a mass rate 
measurement does not add value, but it does increase the length of the 
message that must be broadcast. For that reason, the pedal-initiated fuel rate 
command data in strategy 50 is broadcast by logic 58 on a quantity-per- 
stroke basis and then added to data from logic 54. 

[0052] Minimum selection function 60 is essentially a limiter. A limit 
setting function 62 sets a maximum limit on engine fueling, in quantity-per- 
stroke units of measurement, on the basis of one or more factors that may 
call for fuel limiting under certain conditions. Examples of those factors are: 
tailpipe smoke and torque limiting. So long as the data value from summing 
function 56 is less than or equal to the limit set by the data value from 
function 62, the former is passed to fuel injector driver logic 30. Whenever 
the data value from summing function 56 is greater than the limit set by the 
data value from function 62, the latter is passed to fuel injector driver logic 
30. 

[0053] While a presently preferred embodiment of the invention has been 
illustrated and described, it should be appreciated that principles of the 
invention apply to all embodiments falling within the scope of the following 
claims. 
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